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@ Power source device. 

@ A power source device particularly for high-frequency 
Induction heating generates a plurality of high-frequency 
electric powers of different frequencies which are supplied to 
the heating coil (1) of a high-frequency Induction heating 
apparatus successively and repeatedly in time-division fashion 
at a very short period, to create a heating situation similar to 
multiple-frequency simultaneous heating, whereby the uniform 
quenching of an object to-be-treated having a complicated 
shape can be realised. 
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Description 

Power Source 

The present Invention relates to a power source 
device, for example for high-frequency induction 
heating which is utilised for the heat treatment of a 5 
metallic object to-be-treated such as the surface 
quenching of a gear, a screw or the like. 

Heretofore, for the surface quenching of a steel 
product, high-frequency induction heating has been 
practised for long by exploiting the phenomenon 10 
that a high-frequency current induced in the object 
to-be-treated by high-frequency electric power con- 
centrates in the part of the object to-be-treated 
close to the outer surface thereof owing to the skin 
effect. However, In the Induction heat treatment of 15 
the object to-be-treated having an uneven shape, for 
example, a gear or a screw, it Is impossible with the 
high-frequency electric power of single frequency to 
homogeneously heat the convex part and concave 
part of the object to-be-treated and to attain a 20 
uniform depth of surface hardening over the whole 
object. 

In recent years, therefore, a 2-frequency high-fre- 
quency heating method has been developed and 
performed as an induction heating method for the 25 
surface quenching of a gear, a screw or the like. 
First, a high-frequency current at a comparatively 
low frequency f i Is supplied to the heating coll of an 
Induction heating apparatus so as to heat the 
concave part of the object to-be-treated, and when 30 
the temperature of the concave part has reached a 
predetermined temperature, the supply of the high- 
frequency current to the heating cofl is once 
interrupted to stop the heating. Subsequently, a 
high-frequency current at a comparatively high 35 
frequency f2 Is supplied to the heating coil so as to 
heat the convex part of the object to-be-treated, and 
when the surface temperature of the whole object 
to-be-treated has reached a desired quenching 
value, the supply of the high-frequency current to 40 
the heating coil Is stopped, and the object to-be- 
treated is rapidly cooled. Thus, the object is 
quenched. 

In this regard, for the purpose of performing a 
quenching treatment of high quality, it is necessary 45 
to generate a desired uniform surface temperature 
over the whole object to-be-treated. In the 2-fre- 
quency high-frequency heating method of the prior 
art stated above, the timing of frequency switching 
for generating the desired uniform surface tempera- SO 
ture is very important, and frequency switching 
conditions for the appropriate heat treatment need 
to be established beforehand by repeatedly con- 
ducting preparatory tests. Therefore, the productiv- 
ity of the method is low. Moreover, the method 55 
involves the problem concerning control that, in a 
case where the timing of the frequency switching 
has been missed, no adjustment is possible. A 
further disadvantage is that two high-frequency 
power sources of the different frequencies are 60 
required for supplying the heating current to the 
heating coil. 

Therefore, an object of the present invention Is to 



Device 

provide a power source device for high-frequency 
induction heating which can eliminate the above- 
mentioned disadvantages of the conventional meth- 
ods. 

According to the present invention, there Is 
provided a power source device comprising a 
transformer having a primary winding coupled to a 
high-frequency power source the transformer hav- 
ing a plurality of taps each having a selected number 
of turns so as to permit the tapped portions of the 
primary winding always to impedance-match with a 
secondary winding of the transformer and a load 
connected the secondary winding in use at a 
plurality of frequencies; a plurality of capacitors 
forming with the primary winding and the taps a 
plurality of tank circuits whose natural frequencies 
are the said plurality of frequencies, respectively, 
wherein the power source comprise a pturat^re- 
quency self-excited high-frequency power source 
whose oscillation circuits are the respective tank 
circuits; and switching means for switching connec- 
tions of the plurality of tank circuits to the self-ex- 
cited high-frequency power source repeatedly and 
successively within a short time interval in order to 
apply electric powers at the plurality of frequencies 
to a load connected to the secondary winding 
successively and repeatedly in time-division fashion. 

The power source device Is particularly suitable 
for use In induction heating apparatus In which the 
load comprises a heating coll. In this case the 
frequencies are chosen to be suitable for the size, 
shape and state of the metallic object to be heat 
treated. 

In order to permit the devices to be used in a 
number of remote treatment sites, the plurality of 
tank circuits formed from the primary winding of the 
transformer with the plurality of taps and the plurality 
of capacitors may be installed remotely from the 
self-excited high-frequency power source and near 
the load connected to the secondary winding. 

The power source device of the present invention 
for high-frequency induction heating can generate a 
plurality of high-frequency electric powers of desired 
frequencies repeatedly In time-division fashion and 
in successive switching at a very short switching 
period. It Is accordingly possible to create a heating 
situation approximate to multiple-frequency simulta- 
neous heating in such a way that the plurality of 
high-frequency electric powers are supplied to the 
heating coll of an Induction heating apparatus 
through a matching transformer in time-division 
fashion and substantially continuously. Accordingly, 
in case of performing a heat treatment for, for 
example, the surface quenching of an object 
to-be-treated which has concave and convex parts 
and whose shape is complicated, for example, a 
gear or a screw, the whole object to-be-treated can 
be homogenously heated, and uniform quenching 
can be carried out with an equal quenching depth 
over the entire surface of the object As a result. It is 
possible to achieve useful effects such as an 
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enhanced productivity based on the shortening of a 
heat treatment process, energy conservation, en- 
hancement in the quality of a product, and rise in a 
job efficiency. 

Further, the power source device of the present 
Invention is structurally simple and Is easily fabri- 
cated. Moreover, since the primary winding of the 
matching tansformer forms tank circuits, the power 
factors thereof are 1000/0, and separate power-fac- 
tor adjustment circuits need not be disposed. Since 
a power source of comparatively small capacity can 
be used as a self-excited high-frequency power 
source, the fabrication cost of the power source 
device can be rendered low. 

Some examples of Induction heating apparatus 
incorporating power source devices according to 
the invention will now be described with reference to 
the accompanying drawings In which :- 

Figure 1 1s a diagram schematically showing a 
first embodiment of a power source device for 
high-frequency induction heating in which a 
vacuum-tube high-frequency oscillator is used 
as a self-exclted high-frequency power source; 

Figure 2 Is a diagram schematically showing 
another embodiment of a power source device 
for high-frequency induction heating In which a 
thyristor high-frequency generator is used as a 
self-excited high-frequency power source; and 
Figure 3 Is a diagram exemplifying the time 
relationship of the switching of three high-fre- 
quency electric powers in the power source 
device. 

Referring now to Fig. 1. there is schematically 
shown one embodiment of the power source device 
of the present invention for high-frequency induction 
heating In which a vacuum-tube high-frequency 
oscillator is used as a self-excited high-frequency 
power source for feeding the heating coil of a 
heating induction apparatus with high-frequency 
electric power. 

In this power source device, the primary winding 4 
of a matching transformer 3 for coupling the heating 
coil 1 to the vacuum-tube high-frequency oscillator 2 
is provided with a plurality of taps, for example, three 
taps a, b and c as shown in the figure. The winding 
portions (herelnbelow, termed the "section windings 
A, B and C") of the primary winding 4 between the 
corresponding taps a, b and c and the opposite 
terminal thereof have their Impedances selected so 
as to respectively match with the Impedances of the 
secondary winding 5 of the matching transformer 3 
and the heating coll 1 connected to this secondary 
winding (the heating coll set on an object to-be- 
treated) at three frequencies fi, fa and fa which are 
desired to be utilized in, for example, a heat 
treatment for the surface quenching of a gear being 
the object to-be-treated. In addition, the section 
windings A, B and C of the primary winding 4 are 
respectively combined with a plurality of capacitors 
Ai , Aa ; Bi , 82 ; and Ci , C2 so as to form tank circuits 
A-A1-A2. B-B1-B2. C-C1-C2 whose natural frequen- 
cies are the frequencies f 1 , 12, and fa, respectively. In 
order to use these tank circuits as the tuned 
oscillation circuits of the vacuum tube oscillator 2, 
the respective tank circuits A-A1-A2. B-B1-B2 and 



C-C1-C2 are repeatedly and successively switched 
and connected to the vacuum tube oscillator 2 
proper by appropriate high-speed switching 
means 6 within a short time Interval which corre- 
5 spends to a desired heat treatment cycle for the 
gear being the object to-be-treated. Thus, high-fre- 
quency powers at the frequencies fi. f2 and fa are 
generated successively and repeatedly in time-divi- 
sion fashion by the high-frequency oscillator 2. and 

10 they are supplied to the heating coll 1 of the 
induction heating apparatus through the secondary 
winding 5 of the matching transformer 3. Then, the 
gear being the object to-be-treated is continuously 
heated by the high-frequency powers having the 

15 different frequencies fi, f2 and fa. thereby making it 
possible to homogeneously heat the whole gear and 
to perform the surface quenching with a uniform 
hardening depth over the entire surface of the gear. 
In this case of the multiple high-frequency Induc- 

20 tlon heating based on the switching of the high-fre- 
quency electric powers having the different frequen- 
cies, unless the difference of the frequencies of the 
high-frequency electric powers used is large to 
some extent, the effect of the multiple high-fre- 

25 quency heating does not appear. Therefore, the 
values of the frequencies fi, I2 anf fa to be used 
should desirably be selected at, for example, 1 kHz, 
10 kHz and 100 kHz, respectively. The switching 
period t of all of the frequencies f 1 , fa and fa Is set at, 

30 for example, about 0.5 second to 1.0 second. 

The heat treatment cycle of the object to-be- 
treated greatly changes depending upon the size 
and shape of the object. By way of example, in a 
case where the object to-be-treated Is a gear, the 

35 heat treatment cycle is on the order of several 
seconds for a gear of small module, and it 
sometimes exceeds several minutes for a gear of 
large module. Therefore, the number of times which 
the frequency switching periods are repeated within 

40 the heat treatment cycle Is as slight as several times 
for the gear of small module, whereas it reaches 
several hundred times for the gear of large module. 

As regards the number of the high-frequency 
electric powers to be used, when the three hlgh-fre- 

45 quency electric powers having the frequency values 
of 1 kHz, 10 kHz and 100 kHz as mentioned above 
are switched and used at the switching periods as 
mentioned above by way of example, the intended 
uniform heating effect can be satisfactorily attained 

5(7 even for the object to-be-treated having a very 
rugged shape, such as the gear. On the other hand, 
even when the number of the high-frequency electric 
powers to be used is increased to be four or larger, 
merely the structural complication of the device, the 

55 troublesome operations thereof and a rise in the 
manufacturing cost thereof are Incurred, and an 
enhanced heating effect cannot be expected con- 
siderably. Therefore, It Is usually deslreable to use 
two or three high-frequency electric powers. 

60 As the high-speed switching means 6 for swltch- 
ingly connecting the respective tank circuits A-Ai- 
A2. B-B1-B2 and C-C1-C2 to the high-frequency 
oscillator 2 proper. It is possible to use any desired 
suitable known switch device, for example, a relay 

65 switch device, a rotary mechanical switch device, a 
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thyristor switch device, a transistor switch device, or 
the like. In the switching of high-frequency electric 
powers, it is preferable to effect the switching when 
the electric current is zero. 

In switching and connecting the respective tank 
circuits to the high-frequency oscillator 2 proper, 
when the tank circuit including an Inductance and a 
capacitance has been opened, there is the possi- 
bility that an undesirable situation such as the stop 
of the oscillation, the occurrence of an abnormal 
voltage or the strilcing of an electric arc will arise. It is 
therefore desirable to connect resistors within the 
tank circuits and to switch the tank circuits with the 
occurrence of any different voltage suppressed. In 
this case, the switching points of time of the 
oscillation frequencies are determined by the resist- 
ances of the resistors. 

In Fig. 2 there Is schematically shown another 
embodiment of the power source device of the 
present Invention for high-frequency induction heat- 
ing. In this embodiment, a thyristor high-frequency 
generator 15 constructed of four thyristors (SCRs) 
10, 11, 12 and 13 and a trigger circuit 14 is used as a 
self-excited high-frequency power source. Just as in 
the embodiment shown in Fig. 1, the primary 
winding 4 of a matching transformer 3 is provided 
with three taps a. b and c. The winding portions 
between the corresponding taps a, b and c and an 
opposite terminal d, that is. section virindlngs A, B 
and C have their impedances selected so as to 
respectively match with the impedances of the 
secondary winding 5 and a heating coil (not shown) 
connected thereto at the frequencies f i , fa and fa of 
three high-frequency electric powers desired for 
use. The section windings A, B and C are respec- 
tively combined with capacitors Ai. Bi and Ci so as 
to form three tank circuits A-Ai. B-Bi and C-Ci 
whose natural frequencies are the frequencies fi, fz 
and fa, respectively. In order to switchlngly use these 
tank circuits A-Ai, B-Bi and C-Ci as the tuned 
resonance circuits of the thyristor high-frequency 
generator 15, the respective tank circuits are 
switched and connected to the thyristor high-fre- 
quency generator 15 proper by appropriate high- 
speed switching means 6 in the same manner as in 
the embodiment shown in Fig. 1. Thus, the high-fre- 
quency electric powers having the different frequen- 
cies fi. f2 and fa are applied to the heating coil 
connected to the secondary winding 5 of the 
matching transformer 3, successively and re- 
peatedly In time-division fashion. 

In the power source device of the present 
invention employing the thyristor high-frequency 
generator 15 as described above, the trigger circuit 
14 which starts the thyristors 10, 11. 12 and 13 in 
interlocking with the connection switching of the 
tank circuits adjusts the phases of trigger pulses so 
as to change the conduction angles of the thyristors, 
whereby the high-frequency electric powers to be 
generated at the respective different frequencies 
can be controlled. 

in the embodiment shown In Fig. 2, for the 
purpose of permitting the identical power source 
device to be effectively utilized in a plurality of heat 
treatment sites existing In remote places, the three 
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tank circuits A-Ai. B-Bi and C-Ci formed by the 
combinations between the respective section wind- 
ings A, B and C of the primary winding 4 of the 
matching transformer 3 with the plurality of taps and 
the corresponding capacitors Ai, Bi and Ci, and the 
high-speed switching means 6 for switching and 
connecting these tank circuits to the thyristor 
high-frequency generator 15 proper are installed 
apart from the thyristor high-frequency generator 15 
proper and near a high-frequency heating apparatus 
provided with the heating coil, and the thyristor 
high-frequency generator 15 proper and the tank 
circuits are connected by a suitable 2-wire cable. 

Fig. 3 schematically shows by way of example that 
time relationship of the power source device of the 
present Invention for high-frequency induction heat- 
ing in which the high-frequency electric powers 
having the frequencies fi, fa and fs are generated by 
repeating the time-divisional successive switching 
connections of the tank circuits respectively having 
the natural frequencies fi. fa and fa to the high-fre- 
quency power source proper. A time interval t 
denotes the switching period of the frequencies. 



Claims 



1. A power source device comprising a 
transformer (3) having a primary winding (4) 
coupled to a high-frequency power source (2), 
the transformer (3) having a pturaiity of taps (a, 
b, c) each having a selected number of turns so 
as to permit the tapped portions of the primary 
winding (4) always to impedance-match with a 
secondary winding (5) of the transformer and a 
load (1) connected the secondary winding in 
use at a plurality of frequencies; a plurality of 
capacitors (Ai, Bi, Ci. Aa. Ba, Ca) forming with 
the primary winding (4) and the taps (a. b. c) a 
plurality of tank circuits whose natural frequen- 
cies are the said plurality of frequencies, 
respectively, wherein the power source (2) 
comprise a piural-frequency self-excited high- 
frequency power source whose oscillation 
circuits are the respective tank circuits; and 
switching means (6) for switching connections 
of the plurality of tank circuits to the self-excited 
high-frequency power source (2) repeatedly 
and successiveiy within a short time Interval in 
order to apply electric powers at the plurality of 
frequencies to a load (1) connected to the 
secondary winding successively and repeatedly 
in time-division fashion. 

2. A power source device according to claim 
1, wherein the self-excited high frequency 
power source (2) is so constructed that, In 
switching the connections of the respective 
tank circuits to the self-excited high-frequency 
power source, non-oscillating states or abnor- 
mal voltages are restrained from occurring. 

3. A power source device according to 
claim 1 or claim 2, wherein the self-excited 
high-frequency power source (2) has Its electric 
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power controlled at each frequency. 

4. A power source device according to any of 
the preceding claims, wherein the plurality of 
tank circuits formed from the primary winding 
(4) of the transformer (3) with the plurality of 5 
taps (a - c) and the plurality of capacitors are 
installed (2) remotely from the self-excited 
high-frequency power source (2) and near the 
load (1) connected to the secondary winding 



5. High frequency induction heating appara- 
tus comprising a power source device accord- 
ing to any of the preceding claims, wherein the 
load (1) connected to the secondary winding (6) 



(5). 
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comprises a heating coil. 
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